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INTRODUCTION 
Nondestructive evaluation techniques for aging components are becoming very 
important methods for identification of material degradation, life assessment and 
development of inspection strategies. In this frame a Iaser system suited for measurement 
of permanent deformations in power plant pipes has been designed, built-up and in-field 
tested. 
The design ofthe system is based on the holographic moire method for in-plane 
deformation measurements by a comparison between two holographic gratings, one lying 
on the surface of the components itself and the other continuously generated by the system 
[I-2]. 
The work presented in the paper has been done by two groups, the first being an 
electrooptical group of CISE, which is a research center, and the other a group betonging 
to ENEL, the Italian Electricity Authority, andin charge for the residuallife monitoring of 
the aged components. 
INSTRUMENT DESIGN 
The instrument has been designed for the measurement, over long time intervals, of 
the permanent deformation ofplant components operating at high temperatures ( 550°C ). 
The length of the interval is related to the deformation value occurred to the component 
and to the sensitivity of the instrument itself. The measurements must be done at the power 
plant shut-down, during the periodical maintenance stops. 
The design of the power plant components takes into account of reaching a value 
for e of I +2% in I 0,000-20,000 hours of operation. A high sensitivity is required to the 
instrument, because the main need is to monitor the secondary stage of the creep effect, 
where the increments of e over the time is very low. The necessary high sensitivity, in the 
order of tens of microstrains, is obtained by using the in-plane holographic moire technique 
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Figure 1. The generation of a holographic grating by two Iaser beams. 
as the operating principle. The comparison between the shape of the component at a given 
deformed state, with respect to a zero reference shape, is made possible by an optical 
interference of high frequency gratings, holographically recorded as shown in Figure 1: 
two Iaser beams of wavelength A., interfering at an angle 8, generate a grating of spacing p 
equal to A/2sin8. The sensitivity ofthe method is related to the grating spacing p, that can 
be adjusted with a suited choice ofthe parameters A. and 8. 
If a grating of spacing p interferes with a slightly different grating of spacing p+dp, 
the spacing A of the resulting moire fringes is given by the relation A=p/E, as shown in 
Figure 2. 
The instrument hardware is made up by two optical heads: a writing head for 
generating the reference grating to be grown onto the component, and a reading head 
used to perform the comparison beween the same reference grating provided by the reading 
head itself and the deformed grating on the component. Both heads have been especially 
designed to provide the proper optical action by just a compact and stableglass prism, as 
shown in Figure 3 and Figure 4. The typical value ofthe grating spacing p is in the range of 
2.5+5J.l.m. 
Figure 2. Drawing ofthe typical appearance ofthe moire fringe pattern ofspacing A. 
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Figure 3. Optical scheme ofthe writing head. 
TECHNOLOGICAL PROCEDURE 
The generation of a high frequency, temperature resistant grating onto a plant 
component requires several technological steps. The surface of the component must be 
ground and polished to a specular finish. The area of interest, including the (30x50)mm2 
spot ofthe grating, is protected from further corrosion by a coating of30J..Lm ofnickel and 
2J..Lm of rhodium, provided to the polished surface by a portable electroforming bath, as 
shown in Figure 5. Three reference points have tobe soldered to the surface, for the correct 
positioning of the optical heads during the following phases of writing and reading of the 
gratings, as illustrated in Figure 6. 
The grating is then recorded onto the component through a light sensitive 
photoresist mask. The photoresist is sprayed onto the surface of the component by an 
airbrush, using a red plexiglass cover to avoid exposure to ambient light. 
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Figure 4. Optical scheme ofthe reading head. 
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Figure 5. Block scheme ofthe portable electroforming bath. 
Photoresist solvents are allowed to dry in situ, until the film thickness reaches 
2.5+2J.1m. 
The writing head must then be applied to the component for exposing the 
photoresist layer to the interference Iaser pattern provided by the writing head [3]. 
The photoresist development, as shown in Figure 7, creates a mask of equally spaced 
photoresist grooves and strips of the metallic surface of the component. By using the 
portable electroforming bath, nicke! grooves are grown in between the photoresist grooves, 
while the removal of the photoresist mask leaves on the component the final nicke! 
reference grating. 
MEASUREMENTPROCEDURE 
To make the measurement, the reading head is positioned onto the fixed points on 
the component so that the reference grating from the head itself interferes with the grating 
on the component surface. The reading head optical system is initially calibrated to 
introduce offset moire fringes in the interference field by means of a slight tilt ofthe prism. 
With this arrangement the sign ambiguity of the fringes is removed, and their pitch can be 
easily evaluated. 
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Figure 6. Reference points on the component for the positioning of the optical heads. 
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Figure 7. The photoresist mask and the final grating on the surface ofthe component. 
The value of e related to the offsetting of the fringes is then taken into account in 
the measurements, as explained in the following example. 
The image of the moire pattern is collected by a CCD camera and sent to a dedicated 
computer for the automatic evaluation of e (Figure 8). 
To meet the operating conditions generally encountered in power plants, the optical 
heads have been designed for a low sensitivity to environmental vibrations, no need for 
optical alignment, compact configuration, free choice of the reading head Iaser wavelength 
and convenient optical fiber fed Iaser light. 
TYPICAL RANGEVARIATION OF e 
In the case of a holographic reference grating of spacing 2.5 IJ.m, considering of 
introducing three offset fringes of spacing ßo = 16. 6mm, the corresponding value of e 
is 1501J.Strain. If moire fringes of spacing L\= 15mm can be estimated, the corresponding 
value of e is 166j.J.strain. 
The difference -l61J.Strain - is the lowest value of e the instrument is able to 
measure. 
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Figure 8. Picture of a computer frame showing the evaluation of e. 
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F igure 9. Drawing of the appearance of a measured moire fringe pattem of spacing A 
compared with the offset fringes of spacing Ao . 
About the dynamic measurement range, fringes down to A=.5mm can be estimated, 
corresponding to an upper value for e of about 5,000J.1strain. 
Figure 9 shows the comparison between measured and offset fringes. 
The instrument itself is able of compensating the thermal effects by a proper 
measurement ofthe a. coefficient at the moment ofthe grating writing, when plastic 
deformation is zero. 
FUTURE ACTIONS 
Mter the first positive results in an experimental power plant, future activity will be 
toward a more systematic in-field testing for a deeper and detailed evaluation ofthe 
technological problems associated both with grating writing and aging, and sensitivity, 
repetitivity and accuracy ofthe reading head. It is also foreseen ofbuilding-up an extended 
database from different plants and components, and of performing comparison with respect 
to the output from other methods, as mechanical comparators, high temperature strain 
gauges and electro-magnetic acoustic transducers. 
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